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ABSTRACT
The refrigeration and air conditioning industry still struggle on a global level to identify a unified direction on next
generation lower global warming potential (GWP) refrigerants. This includes what to do for original equipment
changeover and retrofit change outs. Refrigerant suppliers are scrambling today to introduce their options to the
market, some refrigerants have gained a foothold while others are still being evaluated or developed. Issues like
refrigerant flammability levels, charge size restrictions and overall stability have limited a timely and smooth transition
to lower GWP options. Despite the unknown situation, lubricant suppliers need to be ready with whatever direction
is initiated with the ability to maintain current levels of standards for energy efficiency and reliability.
This paper will examine the market through the eyes of a lubricant supplier with focus on how interaction and
stabilization of the refrigerant and lubricant within a system needs to be evaluated and potentially improved due to the
choice of refrigerants. Emphasis will be placed on finding lubricant and lubricant additive combinations that help to
maintain HFC like expected performance with next generation refrigerants in various applications. Lower GWP
refrigerant candidates will be evaluated, along with approaches to identifying lubricant formulations that are fit to be
used in numerous situations and applications. A variety of testing methods using specialized equipment and
techniques will be outlined with various lower GWP refrigerants and lubricant chemistries.

1. INTRODUCTION
Over the years the industry has moved to different refrigerants for a variety of reasons, one thing that has remained is
the required reliability of this equipment no matter which refrigerant is used. Over the years, a refrigerator that is
replaced is usually due to something newer and improved being desired and the older refrigerator, which was still
running, is regulated to another part of the residence. The average life span of different types of refrigeration and air
conditioning equipment is usually 10-20 years; according to the Department of Energy (DOE), the life span of a central
air conditioner is about 15 to 20 years DOE (2020). Well-maintained equipment and larger refrigeration and air
conditioning equipment that sees regular maintenance will last even longer. This longevity is attributed to the work
of compressor/system engineers and scientist providing the right combinations of bearing design, lubrication,
materials, and the studies required to provide the needed reliability.
As part of this dependability and overall efficiency, it is important to understand various interactions that are taking
place within a refrigeration and air conditioning system. Most of these systems use compressors that require a
lubricant for bearing protection, this lubricant needs to work in combination with the refrigerant and both in
combination with materials used through a system. Stability testing of the refrigerant and lubricant is essential to
understanding the potential longevity of system operation.

2. REFRIGERANT TRANSITIONS AND STABILITY TESTING
Refrigeration and air conditioning systems operate at conditions that can stress refrigerants and lubricants working
within the systems. Temperature, air, moisture, metals and other chemicals found within the compressor or equipment
can act as catalyst to reduce the stability of certain refrigerants and lubricants. Over the years, it has been found that
both refrigerant and lubricant chemistries are different enough that each individual chemistry combination needs to
be evaluated in order to maintain adequate system stability and operation. Today we are moving towards the use of
lower GWP refrigerants that can be more instable compared to the HFC refrigerants they are replacing. We don’t
have
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to go too far back in history to identify more instable refrigerants like CFCs and HCFCs that were replaced by HFC
refrigerants. To maintain system stability, it is important to identify weaknesses of the fluids used within the system,
determine the level of issue and look for ways to minimize risk associated with operation.
Industry has developed methods to understand or screen interaction of refrigerants and lubricants before operation
within a compressor and system. Testing in glass tubes sealed with lubricant, materials and refrigerant have been used
for decades Kvalnes (1957). This type of testing is a valuable way of identifying situations or conditions that could
exist and ability to evaluate through visual observation and analytical testing. This type of evaluation was considered
important enough to have a standard developed by ASHRAE, Standard 97 “Sealed Glass Tube Method to Test the
Chemical Stability of Materials for Use within Refrigerant Systems”. Testing can sometimes be limited by the size
of the glass vessels used or the pressure and safety constraints when using glass. These limits have led to performing
tests in metal vessels that can operate with higher temperatures and pressure, in addition to being able to test larger
quantities of material. Once again, this type of testing is important enough that an industry guideline was needed and
ASHRAE developed GPC 38 “Guideline for Using Metal Pressure Vessels to Test Materials Used in Refrigeration
Systems”.

2.1 Chemistry of the Refrigerant
It is important to understand the chemistry of each refrigerant in order to determine any stability issues that
might exist. With refrigerants that are based on single bonds of Carbon (C) with Hydrogen (H) and various
halogens like Fluorine (F); Chlorine (Cl) and Iodine (I) we can look at the bond strengths to get an
understanding of the stability of these molecules which could be affected by temperature. Over the years,
trends with refrigerants containing Cl and F have proved to be accurate and we can use this information to
predict outcome of other refrigerant chemistries. Table 1 shows the bond strength in kcal/mole of various
carbon-halogen bonds and the effect on bond strength when related to refrigerant like compounds.
Table 1: Bond Strength (kcal/mole)
C-H

C-F

C-Cl

C-Br

C-I

80.6

128

95

67

50

CF3-H

CF3-F

CF3-Cl

CF3-Br

CF3-I

106

130

86

71

53

This information provides a good example of historical results of different refrigerant chemistries. More
recently the use of HydroFluoroCarbons (HFC) has shown these refrigerants to be very stable at normal
system operating conditions and even at extended temperatures. In contrast, the past has shown that
chlorinate refrigerants like ChloroFluoroCarbons (CFC) are less stable in operation resulting in the
formation of breakdown products. This is reflected in the difference between the C-F and C-Cl bonds and
we can use this to predict the stability outcome of refrigerants that can be made with other halogens like
iodine.
Even within certain refrigerant chemistries, the number of bonds or arrangement of the bonds can have
varying degrees of stability. For example, when CFC refrigerants where predominately used the number
of chlorines found in the molecule would affect the stability and interaction with the lubricant. In general,
R11 (3 Cl;1 F); R12 (2 Cl;2 F) and R22 (1 Cl; 2 F; 1 H) shows a progression of stability with R11<R12<R22;
this information was first discovered through bench scale stability testing which allowed understanding of
the limits to operation of each of these refrigerants within a system. Today we are using or evaluating
refrigerants based on HydroFluoroOlefin (HFO) chemistry, even though these are based on carbon, fluorine
and hydrogen, which would dictate good stability, there are unsaturated (double bonds) in the molecule
which dictates reduced stability through reaction sites which needs to be considered when evaluating for
system use.
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2.2 Chemistry of the Lubricant
Lubricants used to protect bearings of compressors have also shown differences in stability levels related to chemistry.
Mineral oils based on processes from crude oils where very common lubricants used with CFC and HCFC refrigerants,
but the stability varied due to level of processing and temperature operation limitations. To help in stabilization,
synthetic or semi-synthetic lubricants were developed; one particular lubricant, Alkylbenzenes (AB), found use due
to its extended operational temperature stability and beneficial lubricant-refrigerant interaction properties. When
refrigerants transitioned to HFC chemistry there was a need to establish the use of different lubricant chemistry.
Lubricants based on a polyfunctional alcohol and a carboxylic acid was used to make polyolester (POE) lubricants of
varying viscosities and interaction properties. Though these products exhibited better overall thermal stability than a
mineral oil product they had the ability to absorb higher levels of moisture and were suspectable to hydrolysis
recreating acids, see Figure 1. Understanding this type of reaction allowed for developing constraints and sometimes
additive packages to allow successful use of POE lubricants.

0

II

R- C-

+

OH

ROH

Figure 1: Hydrolysis of ester to form carboxylic acids

2.3 Refrigerant and Lubricant Chemistry
Inside most systems the refrigerant and lubricant are interacting, so it is important to understand the potential
acceleration or suppression each has on the other. Once this is understood, mechanisms can be developed to predict
the outcome of the interaction. Figure 2 shows the interaction of R-12 with mineral oil after thermally stressing in the
presence of a metal Spauschus (1961). The extent of breakdown of R-12 is measured by the formation of R-22 and if
the temperature is excessive over time this can also lead to decomposition of the oil to undesirable by-products.
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Figure 2: Refrigerant 12 reaction mechanism
As mentioned above the new low GWP HFO refrigerants also have mechanisms that can result in unwanted breakdown
of the refrigerant and interaction with the lubricant. Figure 3 shows a potential pathway to breakdown which could
also result in formation of other by-products such as inorganic acids Dixon (2010).

propagation

Figure 3: Reaction mechanism for R-1234yf refrigerant breakdown
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The stability within a refrigeration and air conditioning system can be catalyzed in various ways, but the major concern
is around four types of deterioration:
1) Thermal – high temperature usually associated with discharge region of the compressor or in some
application high skin temperatures in the heat exchangers. Higher temperatures can be detrimental to both
the refrigerant and the lubricant creating a variety of by-products that can negatively affect system operation.
2) Hydrolysis – as shown above moisture can interact with lubricant to generate acids, it can also react with
refrigerant and materials within a system resulting in undesirable conditions like acid formation, material
extraction and copper plating.
3) Oxidation – air within the system can be one the most severe cases of mechanisms for unwanted reactions
and by-products. Too much air can cause higher discharge temperatures which will further stress the
lubricant and refrigerant. It is also a mechanism for lubricant to form significant amounts of acids which can
result in system failure.
4) Acids/Bases/Other Chemicals – these are usually processing chemicals remaining after assembling a
system or extraction of components which can act as accelerators for catalyzed reactions.

3. LUBRICANT AND REFRIGERANT INTERACTION
3.1 HFO Interactions
HFC refrigerants have good stability due to their chemical structure which also makes them more stable in the
atmosphere resulting in higher GWP values. Lower GWP HFO refrigerants and blends degrade sooner in the
atmosphere but this also makes them less stable in systems compared to HFC refrigerants; so it is important to study
the relationship of lubricants and HFO based refrigerants at elevated operating conditions (some newer lower GWP
refrigerants also can raise operating temperatures). Since several lower GWP refrigerants can be operated in both
original equipment and retrofits it is important to understand thermal stability but also hydrolytic and oxidative
stability when some systems are not properly processed and how additive chemistry can benefit stability. Glass sealed
tube testing was used to evaluated stability of HFO based refrigerants along with metal pressure vessels to look at
material compatibility. Earlier studies with R-1234yf have showed that stability of the refrigerant and lubricant can
be affected by temperature, moisture and air (Karnaz 2018). When the HFO molecule, which has an unsaturated
chemical bond, breaks down due to reactivity, acids and other by-products can be formed which can interact with the
lubricant molecule. These break down species can attack metals and reaction dynamics can be identified through
various methods.
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Figure 4: Metal Coupons and Elemental Analysis of Aluminum Surface
Figure 4 shows photos of metal coupons used in sealed glass tubes before (left) and after (right) stress testing with
temperature and contaminants (moisture and air) with lubricant and HFO R-1234yf. The energy dispersive x-ray
spectrum on the right elementally identifies the residue found on the aluminum strip after testing. The fluorine (F)
found on the aluminum is indicative of R-1234yf refrigerant breaking down and forming hydrofluoric acid which has
attacked the aluminum.
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Testing with R-1234yf was done to investigate stability under high moisture levels and the lubricating properties of
R-1234yf and lubricant on compressor bearing surfaces Nakamura (2010). Sealed tube tests were used to measure
acidity changes and fluoride ion formation in the lubricant along with infrared analysis of the metal surfaces to detect
the formation of fluorine compounds, comparing the results to R-134a testing. Testing concluded R-1234yf reacts
under heat load conditions to generate a fluorine compound which deposited on the bearing surface. Some additives
were shown to be effective in assisting in stabilizing the refrigerant and lubricant.
Industry sponsored testing with HFO refrigerants based on R-1234yf, R-1234ze(E) and HFO/HFC blends were
evaluated with POE and PVE lubricants (Rohatgi 2012). Some of the main differences from the results indicated the
presence of fluoride ion after stressing R-1234yf compared to no fluoride ion found in comparison testing done with
HFCs R-134a and R-410A; lower amounts of fluoride in the R-1234ze(E) tests showed that the structure of the HFO
refrigerant will matter in levels of stability.

3.2 HFO Stability Interaction Studies
We already discussed and showed that there are unwanted contaminants that could be found in systems that are
detrimental to refrigerant and lubricant stability. We know that HFC refrigerants are more stable and resistant to some
contaminants and that HFO refrigerant chemistry is less stable and less resistant. Refrigeration and air conditioning
systems are constructed with numerous components that have potential for material extraction, or when manufactured,
use certain processing fluids. Various studies have showed that certain chemicals are incompatible with HFC/POE
applications and more recent studies have shown similar determinations can be made with HFO/POE (Rohatgi 2019).
There are potentially other chemicals that are less likely to affect the HFC/lubricant chemistry but might not be the
case with HFO/lubricant, one chemical of interest is peroxides formed from reaction, extracted from components or
present as by-products. It is beneficial to understand the effect of peroxide when interacting with HFO refrigerants.
Testing was done with a neutral base fluid with varying amounts of peroxide, Figure 5 and Table 2 shows the results
of testing at 175°C for 7 days with R-513A (56% R-1234yf and 44% R-134a). The pictures indicate a change in the
appearance of the fluid before and after test along with increases in acidity, fluoride ion and dissolved silicon in the
oil (which is coming from HF attack of the borosilicate glass). Results suggest that levels of peroxide can have a
negative effect on stability of HFO based refrigerants. Controlling the peroxide levels or finding ways of neutralizing
existing peroxide would be helpful in overall stabilization.

Table 2: HFO Stability Testing with Peroxide
~20 ppm

~100 ppm

Peroxide
Levels

Pre-TAN
mgKOH/g

Post-TAN
mgKOH/g

Fluoride
ion
ppm

Silicon
ppm

~20
ppm

<0.1

1.4

300

90

~100
ppm

<0.1

1.9

330

160

Figure 5: Before and After Heating
3.3 CF3I Interaction
Refrigerant R-466A is being investigated as an option to replace R-410A as a nonflammable lower GWP option.
R-466A contains as one of its components, CF3I (refrigerant designation R-13I1), which as mentioned earlier contains
chemical bonds that are weaker making the refrigerant potentially less stable in application. Some early tests with
CF3I indicated high levels of instability when tested at 175°C (Karnaz 2018). Other industry testing has showed the
ability of less stable refrigerants to have improved stability when blended with other refrigerants like HFCs. It is
important to understand limits of stability and types of breakdown products that can be formed.
R-466A is still being evaluated for optimized lubricant options based on the correct base lubricant, additive package
and needed lubricant-refrigerant interaction properties.
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Transitioning from one refrigerant chemistry to another it is advantageous to try to find candidates that represent the
least amount of change to a system. Since many HFC refrigerant systems use POE lubricants, some would like to try
to use the same R-410A POE lubricant used today with R-466A. For this reason, internal work has been done to look
at the chemical stability of R-466A with a commercially available POE lubricant. Since CF3I is ~40% of R-466A
(39.5% R-13I1 (CF3I); 49% R-32; 11.5% R-125) refrigerant, we needed to study the potential benefit of adding the
HFC refrigerants in the test matrix. Testing was done in glass sealed tubes with a ratio of 20% refrigerant and 80%
lubricant (ISO 32 POE) with steel, copper and aluminum metals. For initial kinetic studies, low amounts of moisture
and no introduced air was used (further studies with varying levels of air and moisture are needed) while setting the
reaction time to 14 days and varying the reaction temperature to gain an understanding of thermal stability kinetics.
Table 3 outlines the testing and initial parameters and appearance.
Table 3: R-466A Thermal Stability Kinetic Study with Lubricant - Pretest
Rxn Temperature
Lubricant
Initial Moisture
Initial TAN
100°C
POE
50 ppm
0.02mg KOH/gOil
125°C
POE
50 ppm
0.02mg KOH/gOil
150°C
POE
50 ppm
0.02mg KOH/gOil
175°C
POE
50 ppm
0.02mg KOH/gOil

Initial Appearance
Clear and Colorless
Clear and Colorless
Clear and Colorless
Clear and Colorless

After testing, the tubes were visually evaluated for fluid color change and metal appearance, then tubes were broken
to collect and analyze the refrigerant and lubricant. A gas chromatograph comparison was made on new refrigerant
and refrigerant after thermal stability testing. What was discovered was a reaction occurring as the temperature
increases resulting in the formation of a new peak in the chromatograph which was identified as R-23
(Trifluromethane). The mechanism appears similar to what is seen with R12 but instead of a chlorine being liberated
from the molecule it is an iodine and once again is replacement by a proton probably from the lubricant to form the
R-23 and the iodine is left to further react; the amount of R-23 can be used as a measuring stick for the reaction.
Figure 6 shows the appearance of the fluids in the tube after testing at various temperatures. Table 4 shows the results
of R-23 formation along with other measurable parameters after heat aging indicating a thermal degradation trend. A
secondary consequence to the formation of R-23 is it carries a GWP value of 12,400 so trying to minimize or eliminate
the formation due to instability could be important to maintaining GWP targets.

°c

12s· c

1so 0 c

11s 0 c

Figure 6: Appearance after R-466A Kinetic Study
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Table 4: R-466A Thermal Stability Kinetic Study with Lubricant - Posttest
Metals, ppm
TAN
Temperature

Oil Color

Fe

Si

B

mgKOH/gOil

Relative
Area
% R-23
Formation

100°C

Clear

<0.1

1

4

1

ND

125°C

Lt Yellow

<0.1

12

9

2

0.4

150°C

Amber

3.7

5

78

18

3.0

175°C

Brown

32.9

196

102

84

14.6

Mentioned earlier was the instability that was seen with R-12, both in sealed tube testing and system operation.
Knowing this refrigerant was successfully used, it is of value to understand how the reactivity compares to what is
being seen with R-466A. Table 5 shows the results of testing R-12 and two different lubricants at different
temperatures and times. Though conditions are not an exact comparison to the R-466A testing above, it is noticeable
that instability of R-12 could be significant under certain conditions with specific lubricant chemistry and more
manageable at lower temperatures and with different lubricants. A similar situation could be seen with
R-466A where maximum temperatures need to be controlled and certain lubricant formulations (including additives)
need to be selected.
Table 5: R-12 Testing (R-22 Formation Study)
Oil Type
Days

A
7

14

B
28

Temperature
% R22
Formation

14

28

7.2

24

59

-

175°C (347°F)
0.07

0.10

0.23

Temperature
% R22
Formation

7

2.3

200°C (392°F)
1.1

2.1

-

34

By defining and setting limits, along with the use of additives to stabilize (discussion for future papers), this refrigerant
could possibly be used successfully. Industry presentations has shown stability data, Sethi (2020), with R-466A and
POE with additives along with some moisture and air that showed what they described as acceptable results when
tested at 150°C for 14 days. There is also advantage to determining how a refrigerant and lubricant will operate in a
compressor and system. Data was presented showing operation of R-466A in a scroll compressor with standard POE
lubricant at 54.5°C condensing and -2.8°C evaporating, high discharge temperature, for 5000 hours Yana Motta
(2018). The lubricant was periodically analyzed throughout the test, TAN remained at 0.2, metals below 20 ppm,
fluoride below 5 ppm and iodide below 30 ppm. Once again, the results were described as acceptable. More
compressor and system operation evaluation would be helpful in making certain that some of the reliability concerns
of this refrigerant, due to reduced stability, are addressed.
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4. CONCLUSIONS
Standards and expectations have been established in the refrigerant and air conditioning market regarding system
performance levels and reliability. When situations change, such as transitioning to new refrigerants and potential
new lubricants, it is important to understand the impact of these changes. Expected stability of the refrigerant and
lubricant is no less important and initial testing should be done to identify flaws in the combinations. The more recent
past and current situation today has benefited from the use of stable refrigerants but not too long ago, less stable
refrigerants were used and found acceptable.
HFO refrigerants and refrigerants based on CF3I have shown to present stability challenges at certain operating
conditions and environments. Understanding the chemistry of these refrigerants is important to solving the challenges
presented with finding acceptable solutions in a timely manner. The industry has developed screening test that provide
useful information, in a short amount of time at a reasonable cost.
Testing has shown with HFO refrigerants and lubricant combinations that instability can exist in the HFO molecules
and some lubricants resulting in the formation of both weak and stronger acids that can attack system components. If
not addressed in the proper manner, reduced operating performance or premature system failure could occur. Utilizing
the results for testing we can understand how these refrigerants can be successfully utilized as replacements for the
refrigerants of today’s market.
Refrigerants like R-466A have a weaken chemical bond that results in refrigerant breakdown and negative interaction
with lubricants and other system components. The instability mechanism appears similar to what was seen with R-12
and lubricants, which were still successfully operated for years, but overall, probably more reactive. Once again risks
can be minimized by approaching with the understanding of limitation and properly formulating the lubricant base
and additive chemistry.
Today the use of additives to help stability in a system is not as common in the refrigeration and air conditioning
industry. Based on our understanding of the stability levels of newer refrigerant chemistry coming to the market, there
is going to be a need to evaluate and approve acceptable formulations of base lubricant and additive(s).

NOMENCLATURE
ppm
TAN

parts per million
total acid number
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